Abstract A new prenylated naphthoquinone antibiotic, fumaquinone (5,7-dihydroxy-2-methoxy-3-methyl-6-(3-methyl-but-2-enyl) [1, 4] During our studies of culture LL-F42248, Streptomyces fumanus, that is known for producing chlorinated antibiotics [9, 10], we isolated fumaquinone (1), a new prenylated naphthoquinone. Here, we report the isolation and structure elucidation of 1.
of its fermentation were described recently in a related publication [10] . As in the previous work, the polyamide resin together with the cell mass from 2 liter fermentation was extracted and purified by reversed-phase HPLC using acetonitrile/water. The fumaquinone rich fraction was then further purified by a second reversed-phase HPLC step using a linear gradient of 60ϳ90% MeOH/H 2 O with 0.01% TFA over 10 minutes to give 1 (2.7 mg, 15.1 minutes) that was characterized by standard spectroscopic methods.
Fumaquinone was obtained as an orange solid and the molecular formula was established as C 17 1.65 ) established the spin system from H-9 to H-13. The presence of the dimethyl allyl group was further corroborated by HMBC correlations from H-9 to C-10 (d C 122.0) and C-11 (d C 132.7) and from H-10 to C-9 (d C 22.7), C-12 (d C 18.0) and C-13 (d C 25.9). Mutual correlations between H-12 and C-13 and H-13 and C-12 further supported the assignment of the dimethyl allyl side chain. The dimethyl allyl side chain was placed on the naphthoquinone moiety at C-6 on the basis of HMBC correlations from H-9 to C-5 (d C 162.2), C-6 (d C 122.3) and C-7 (d C 161.9). The structure of 1 was thus shown to be 5,7-dihydroxy-2-methoxy-3-methyl-6-(3-methyl-but-2-enyl) [1, 4] 
Feeding experiments using L-[methyl-13 C]methionine indicated that the methoxy (C-14) and the aromatic methyl (C-15) groups were derived from methionine with isotopic enrichment of Ͼ85% for each carbon. Preliminary work with [1,2-13 C 2 ]sodium acetate indicated that the biosynthesis of the juglone moiety follows the polyketide pathway, a finding similar to that of the furaquinocins [11] which share the juglone moiety.
Fumaquinone is the first prenylated naphthoquinone isolated from S. fumanus. It showed antimicrobial activity against selected Gram-positive bacteria with MIC of about 64 mg/ml.
Experimental

General Experimental Procedures
All 1D and 2D NMR spectra were recorded on a Bruker Avance DPX-400 spectrometer at 400 and 100 MHz for 1 H and 13 C, respectively, using a 3 mm broadband detect probe. Proton detected heteronuclear correlations were measured using HSQC (optimized for 1 J C-H ϭ140 Hz) and HMBC (optimized for n J C-H ϭ8.3 Hz) pulse sequences. UV data were obtained on HP1100 HPLC system equipped with DAD. High resolution mass spectra (HRMS) were obtained using a Bruker (Billerica, MA) APEXII FTICR mass spectrometer equipped with an actively shielded 7.1 Tesla superconducting magnet (Magnex Scientific Ltd., UK), an external Bruker APOLLO ESI source, and a Synrad 50W CO 2 CW laser. The molecular ion at m/z 301 was isolated using correlated sweep and then dissociated using Infrared Multi-Photon Dissociation (IRMPD). All HPLC solvents were EM Omnisolv quality and used without further purification.
Isolation and Purification Procedures
The harvested fermentation broth (2 liters) was centrifuged at 4000 rpm for 20 minutes and the polyamide resin together with the cell mass was extracted with acetone (2ϫ200 ml). The combined acetone extract was concentrated in vacuo and the aqueous suspension extracted with ethyl acetate (3ϫ60 ml). The ethyl acetate extract (1.5 g) was purified by reversed-phase HPLC (YMC ODS-A column, 20ϫ250 mm, 5 m m) using a gradient of 40ϳ90% acetonitrile/water containing 0.05% TFA in water over 40 minutes at a flow rate of 7 ml/minute. Final purification of the fumaquinone rich fraction (10 mg) was achieved by reversed-phase HPLC (YMC ODS-A column, 10ϫ250 mm, 5 mm) using a gradient of 60ϳ90% methanol/water with 0.02% TFA in water over 10 minutes and maintaining for 5 minutes at a flow rate of 4 ml/minute to give fumaquinone (1, 2.7 mg, 15.1 minutes) as an orange solid.
L-[methyl-
C]methionine Feeding Experiment
A solution of L-[methyl-
13 C]methionine at a final concentration of 10 mM was added to the production medium described previously [10] . The fermentation was harvested at five days and processed as described above.
[1,2-13 C 2 ]sodium Acetate Feeding Experiment [1,2- 13 C 2 ]sodium acetate was added to the production medium described previously [10] at a final concentration of 10 mM. The fermentation was harvested at five days and processed as described above.
